Recording of cases
The diseases included in the survey as malignant reticuloses were acute leukaemia, chronic myeloid leukaemia, chronic lymphatic leukaemia, lymphosarcoma, reticulosarcoma, myeloma and Hodgkin's disease.
Information was obtained from laboratory records, post mortem and hospital diagnostic files. Details relating to patients treated at home or in hospitals outside the area were obtained from the local Cancer Registry where a record is kept of all death certificates and of cases notified by hospitals and general practitioners in South-East England. Permission was obtained from 41 hospitals in London and Surrey to make a personal examination of documents relating to these patients and from general practitioners in the case of those treated at home. Many relatives kindly assisted in these enquiries.
Exposure of leukaemogens and other factors of aetiological signiftcance A 10% sample (53 patients) together with their paired normal controls were questioned personally. The following details were particularly sought: place of birth, address at onset of illness, length of residence, previous addresses, age at onset, marital status, health of family or cause of death, previous illnesses including virus infections, date and mode of onset of reticulosis; occupation(s), exposure to radiation, drugs, chemicals, alcohol, smoking; any other factor of aetiological significance including diet and contact with animals. The information was recorded on a standard printed form which was also used to compile data from case records relating to patients who were not interviewed.
Selection of cases and controls was made as follows: consecutive cases diagnosed at Kingston Group Laboratory (serving 12 hospitals), at Queen Mary's Hospital, Roehampton, or notified to the author by local general practitioners, between 1962 and 1964, were questioned in hospital or by visiting their homes. Each case was paired with another individual of the same age and sex known to be free of haematological disease or malignancy, admitted to the same hospital or attending as an out-patient during the same period. All controls were selected by nursing staff but interviewed by the author in exactly the same way as the cases.
Seasonal and annual incidence
Date of onset was recorded as accurately as possible, taking into account the previous health of the patient; when the illness was insidious or the diagnosis made in the course of other investigations, the case was placed in the " incidental category and assigned to the year of diagnosis.
Geographical survey
The address at time of onset of the reticulosis was mapped. For incidental cases, the address at time of diagnosis was substituted, provided the patient had lived there for at least two years. Approximately half the patients (218 out of 462) were paired with normal and with cancer controls of the same age and sex who had attended the same hospital during the same period as the patient. It was not possible to pair more than this number because of the shortage of cancer controls in the younger age groups; accordingly, the first 218 cases on the author's list, before application was made to the Cancer Registry, were selected, i.e. those patients whose diagnosis had been made at Kingston Group Laboratory or Queen Mary's Hospital, Roehampton. They included the 53 patients interviewed and already paired with a normal control for whom an additional cancer control was found. All controls for the geographical survey were selected by the author from routine post mortems performed at the hospital to which the cases had been admitted. Their addresses were not known at the time of selection. The criteria were as follows: in the case of normal controls, no evidence of haematological disease or malignancy; in the case of cancer controls, no evidence of haematological disease.
All addresses were visited to check correct numbering and location.
C(ongenital abnormalities As these conditions were not notifiable to the General Register Office before January, 1964, the study could not be comprehensive and no attempt was made to provide controls. A list was made from post mortem and diagnostic files in Kingston Hospital, data relating to handicapped children supplied by the Medical Officer of Health and General Register Office statistics relating to a single Public Health Division for the first 9 months of 1964. Only children born to mothers living in the geographical area defined above, between January, 1958, and October, 1964 , were included and their address at time of birth was mapped as part of the geographical survey. The case records of mother and child were studied when available.
RESULTS

General
Four hundred and sixty-two cases of leukaemia and other malignant reticuloses were recorded between January, 1958, and December, 1964. Males and females were equally affected by all clinical types with the exception of myeloma where females predominated and Hodgkin's disease, where there was an excess of males (Table II) . reported by other workers (Stewart and Hewitt, 1959; Shimkin et al., 1951 , 1953 , 1954 , 1955 , and Martin, 1961 (Lee, 1962 (Lee, , 1963 1957 1958 1959 1960 1961 1962 1963 1964 1957 1958 1959 1960 1961 1962 1963 1964 1957 1958 1960 1961 1962 1963 1964 I_I 1957 1958 1959 1960 1961 1962 1963 1964 1957 1958 1959 1960 1961 1962 1963 1964 1957 1958 1959 1960 1961 1962 1963 1964 1957 1958 1959 1960 1961 1962 1963 1964 1957 19S8 1959 1960 1961 1962 1963 pre-1958 Table I it can be seen that 30 (590 %) of these patients suffered from the more acute reticuloses. The familial malignancies they reported often occurred at an early age. Nine further instances of multiple familial malignancy were noted in the records of patients who were not interviewed.
This association has been well documented by Videbaek (1947) and other workers.
Infective and degenerative conditions
No difference was detected between interviewed cases and controls in respect of tuberculosis, rheumatism, diabetes, peptic ulceration and other chronic diseases. Information derived from case sheets only, showed that the experience of these patients was remarkably similar to others of the same age and sex and that the majority of them had previously been healthy. As the study was incomplete, it is not possible to make accurate comment on seasonal and annual incidence. Cases appeared to be evenly distributed throughout the seasons. Increased incidence was noted in 1962 and 1963 mainly due to defects of heart and central nervous system.
Many of these children lived in residential association with cases of malignant reticulosis, and mongolism was a regular feature in these groupings. This fact has not been documented before and it will be discussed in a later section.
Geographical survey (Fig. 4) Examination of addresses of patients with reticuloses, normal and cancer controls, showed them to have been evenly selected throughout the area of survey without undue weighting in any particular district; but although the three categories lived in the same areas, the actual distribution of addresses was different. The normal controls showed a random scattering related to the density of population, but the cases of malignant reticulosis were distributed in small residential foci of approximately 2-4 cases in the same and neighbouring streets. This pattern persisted in all areas of the survey and was not related to density of population, type of house, social class, water supply, proximity to industry, agriculture or any other geographical or geological feature. The distribution of cancer controls was intermediate in character, being mainly related to density of population but groupings occurred, some of which were in the same streets as malignant reticuloses and in lightly populated areas. Fig. 4 illustrates the distribution of cases, normal and cancer controls, in a town near Kingston with a population of 41,000. This area was not fully documented for congenital abnormalities and only five are shown.
A few examples are given below of the characteristic residential patterns noted in other areas of the survey. All dates refer to onsets except where otherwise stated. Within 4 mile of these cases another mongol child was born in 1964, giving an extremely high incidence of mongolism (on the basis of 1 mongol per 600 births, only 1 case would have been expected in the entire suburb in 7 years).
Malignant reticuloses and congenital abnormalities.-C-Road (central residential district of old houses near river).
No. Residential groupings of reticuloses and other malignancies have previously been reported by Wood (1960) , Gilmore and Zelsnick (1962) and Heath and Hasterlik (1963) . A larger survey by Mustacchi (1965) appears to indicate that the pattern seen in Kingston may be found in any area where careful records are kept.
DISCUSSION
The micro-epidemic of acute leukaemia which attracted attention in Kingston in 1962, suggested to the casual observer that a new industrial process, a modern drug or some other recognisable leukaemogen might be responsible. This survey shows that there was no basis for that assumption. The pattern of domestic incidence, the residential groupings, the epidemic curve between 1958 and 1964 and the association with congenital abnormalities, suggests a different interpretation and invites consideration of leukaemia as an infective disease with a pattern similar to that of other human virus infections.
There can be no doubt that viruses cause leukaemia and a variety of other malignancies in animals (Gross, 1961) yet many people are still reluctant to apply this knowledge to human malignancy. Tumour agents belong to many different virus species and are similar in most, if not all, respects to others of the same group not associated with malignancy (Andrews, 1964) . Under natural conditions, malignant change is a rare complication of widespread latent infection and in some cases the viruses exist in a " non infective " form as part of the genetic material of the cell. No direct evidence of the viral origin of human malignancy has yet been presented but indirect evidence is accumulating from electron microscopy (Dmochowski, 1960) and immunological studies (Schwartz, Greenspan and Brown, 1963) .
The ultimate proof of association between specific agent and disease will depend upon careful epidemiological investigation. It is from this point of view that the present survey will be discussed.
C'hanging patterns of herd immunity
Before the 1920's leukaemia was a rare disease in Britain and it attacked mainly young male adults and children. The incidence has been rising steeply in all socially advanced countries during the past 40 years, the increase being directly related to prosperity but not wholly explained by improved diagnosis. In the same period age and sex ratio have altered, so that adults of both sexes are now the main victims, while the childhood disease is stationary except for a peak of acute leukaemia in 3-4 year olds first noted in Britain in the 1920's. These facts recall similar changes in the epidemiology of poliomyelitis under conditions of modern hygiene, suggesting that the natural pattern of herd immunity to leukaemia has been destroyed for similar reasons. It is probable that leukaemia was formerly a widespread latent infection of childhood, and that adult immunity was "boosted " by frequent contact with the agent in crowded unhygienic conditions. The 3-4 year old childhood peak may be the result of the modern tendency for institutional births and mixing of immune children excreting virus with those unprotected by maternal antibody. The fall in the infantile mortality rate from other infections has permitted survival of these children, who now die from leukaemia after a characteristic latent interval.
Increased prevalence 1958-62
" Epidemics " and clusters of leukaemia cases are a modern feature, only two reports having appeared in the literature before 1958 (Aubertin and Grellety Bosviel, 1923; Kellett, 1937) . Periodicity suggests that a promoting agent may be operative. In tumours of viral origin, malignant change may be promoted by physico-chemical agents, humoral factors or infections by another virus. When investigating the promotion of human leukaemia by radiation, Stewart, Pennybacker and Barber (1962) demonstrated a characteristic latent interval of 3-4 years before a peak incidence was noted. Bendixen (1963) , studying cattle leukaemia, reported a similar periodicity between introduction of infection into a leukaemia free herd and clinical onsets.
A search was made for a leukaemogen active in the Kingston area, 3-4 years before the peak incidence in 1961-62. The population was stable, no new industrial processes had been established and exposure to physico-chemical agents had been excluded. Of known virus infections, only one had been prevalent in Kingston during this period. The 1957 influenza pandemic claimed many victims in this and all other countries of the world (W.H.O. Report, 1959) .
Influenza is known to predispose to other infections and the 1957 visitation was associated with a wave of mortality out of all proportion to the clinical influenza observed. The agent is a member of the myxovirus group, to which several animal leukaemia and tumour viruses belong. A human myxovirus has been shown by Tyrell (1963) to be capable of producing a cell surface change similar to that observed in malignancy. G-enetic recombination has been demonstrated many times within the group. A recent report (O'Connor and Rauscher, 1964) shows that a mouse-adapted influenza virus has been recombined with a leukaemia virus, the resulting agent having the properties of both. Influenza has also been shown to be a co-carcinogen in experimental lung cancer (Kotin and Wiseley, 1963) ; therefore it may well be capable of promoting malignancy in those suffering from a latent infection with another virus.
The clinical spectrum of the disease is broad and many infections are inapparent. It is impossible to say whether the antecedent respiratory diseases reported by patients and controls in the survey were caused by influenza or some other agent. Serological investigations of leukaemia patients and normal blood donors living in the same area might determine if there is a relationship between the two diseases.
Physico-chemical agents and leukaemia
It is generally agreed that radiation and other physico-chemical agents cannot be held responsible for more than 10% of human leukaemia (Burnet, 1963; Burchenal, 1964) . Agents of this type are immuno-suppressive in their action and might be expected to promote disease only in the presence of infection. The radiographer mentioned in this survey lived in close residential association with other cases of leukaemia and may have been simultaneously exposed to both effects.
Humoral factors have been shown to promote animal malignancies (Kaplan, 1954) . In the present survey it was noted that several female patients had suffered from long periods of refractory anaemia, before developing leukaemia during the stress of pregnancy or menopause, suggesting that the natural balance of latent infection had been disturbed by humoral factors.
None of the facts relating to physico-chemical leukaemogenesis presented here and by other workers are at variance with an infective origin of leukaemia.
Residential groupings
The residential foci in the Kingston area were not related to physical or geographical features. The neighbourhood groupings, the familial and institutional cases are similar to the pattern of other human infections. Enteroviruses have been shown to spread in this way on a housing estate (Selwyn and Howitt, 1962) with sporadic clinical cases occurring in the same street following widespread latent infection in schools and families with young children.
In Kingston, sporadic cases of leukaemia had been noted to occur in certain streets before 1958 and it was in these areas that the epidemic increases occurred between 1958 and 1962 while neighbouring districts were completely spared.
Clinical patterns of reticuloses
Beard (1963) and Gross (1964) , working with animal tumours, have shown that leukaemia is one clinical entity amongst a broad spectrum of reticuloses, solid tumours and benign conditions of bone which are caused by a single virus or group of viruses. The agent may be latent in certain tissues, whilst in others it causes proliferation or promotes differentiation. Each type of target cell has a half life related to the age of the host. The disease produced therefore depends directly upon the initial dose of virus, its clinical spectrum and on the age, genetic constitution and tissue susceptibility of the host.
Human reticuloses have been shown in this and other surveys to have a precise age incidence, and to be associated with other malignancies in the patient and his family. The lymphatic response of early childhood gives way to the myeloid response of adolescence and to the chronic leukaemias and solid tumours which are more characteristic of adult life. Hoster et al. (1948) and Rubin (1964) 
(Congenital abnormnalities
The evidence of residential association between these conditions and leukaemia in the Kingston area, can only be regarded as circumstantial in the absence of controls. Nevertheless, a familial association between congenital abnormalities, including mongolism, leukaemia and other malignancies has been documented by other workers (Stewart, 1961 ; Miller, 1963) .
Of the many factors known to cause congenital abnormalities, teratogenic drugs, common hereditary defects and toxoplasmosis were not considered to be significant in the present survey. The classical rubella syndrome was only noted in two cases born in 1958. The increased incidence following the leukaemia peak, the close residential association and the nature of many of the defects, suggest a common viral aetiology. In the case of mongolism this would appear very likely, as all these children were born in close proximity to leukaemia cases and mongols are generally known to have 20 times the incidence of leukaemia of normal children.
Experience with rubella suggests that the congenitally deformed foetus may provide a rich source of virus in an infective form. It is often difficult to isolate a specific agent from obviously malignant tissue. The virus may be present in a latent and non-infective phase, or it may be proliferating elsewhere in apparently normal tissue, while " passenger " viruses confuse the issue. Our knowledge of the agent responsible for human leukaemia might be considerably advanced by attempting virus culture from congenitally deformed children born in close association with cases of malignant reticuloses. SUMMARY AND CONCLUSIONS 1. A micro-epidemic of acute leukaemia which occured in Kingston, Surrey in 1962 prompted an investigation into the aetiological factors.
2. A retrospective survey was conducted on epidemiological lines using matched controls. Four hundred and sixty-two cases of malignant reticuloses diagnosed between 1958 and 1964, who lived at the time of onset in the Kingston area, were investigated. A further study was made of 89 congenitally deformed children, including mongols, born during the same period, whose mothers lived in the same area.
3. Investigations into occupational, residential and other exposure to physicochemical leukaemogens were negative. On the contrary, the epidemiological features appeared to be characteristic of an infectious disease.
4. An epidemic curve of all clinical varieties of malignant reticuloses was observed between 1958 and 1964 with a peak in 1961-62. This increased incidence followed the 1957 influenza pandemic. The possibility of an aetiological association is discussed.
5. The incidence of leukaemia and other reticuloses was found to be domestic and familial or institutional. Adults of both sexes were principally attacked. Residential foci of these diseases with congenital abnormalities including mongolism, were a characteristic feature in all areas surveyed. Other malignancies were noted in these groupings.
6. Changing patterns of leukaemia may indicate a loss of natural herd immunity brought about by modern hygiene and social habits.
7. Recent work on animal leukaemia suggests that the human disease could also be a single clinical variety of a broad spectrum of virus induced reticuloses and other neoplasms, characterised by latency under natural conditions. 8. Further epidemiological study of the human reticuloses, including serological and virological investigation of patients and congenitally deformed children, may afford proof of the association between this human malignancy and a specific agent.
